SUMMARY: We present a series of new high-sensitivity and high-resolution radio-continuum images of M 31 at λ=20 cm (ν=1.4 GHz). These new images were produced by merging archived 20 cm radio-continuum observations from the Very Large Array (VLA) telescope. Images presented here are sensitive to rms=60 µJy and feature high angular resolution (<10 ). A complete sample of discrete radio sources have been catalogued and analysed across 17 individual VLA projects. We identified a total of 864 unique discrete radio sources across the field of M 31. One of the most prominent regions in M 31 is the ring feature for which we estimated total integrated flux of 706 mJy at λ=20 cm. We compare here, detected sources to those listed in Gelfand et al. (2004) at λ=92 cm and find 118 sources in common to both surveys. The majority (61%) of these sources exhibit a spectral index of α <-0.6 indicating that their emission is predominantly non-thermal in nature. That is more typical for background objects.
INTRODUCTION
A member of the Andromeda constellation M 31 at a distance of ∼778 Kpc (Karachentsev et al. 2004) , is the closest spiral galaxy to our own. For this reason, it plays a significant role in galactic and extragalactic studies. A number of previous radio-continuum studies at λ=20 cm (Braun 1990a) focused on general properties of M 31, such as its structure and magnetic fields. Also, Braun (1990b) presented a list of 20-cm sources (534) in the northeast parts of M 31. A number of other studies such as Dickel et al. (1982) estimated flux densities of M 31 supernova remnants (SNRs) and H ii regions.
In this paper, we reexamine all available archived radio-continuum observations performed with the Very Large Array (VLA) at λ=20 cm (ν=1.4 GHz) with the intention of merging these observations into a single mosaic radio-continuum image. By combining a large amount of existing data, while using the latest generation of computing power, we can create new images that feature both high angular resolution and improved sensitivity. The newly constructed images are analysed and the difference between the various M 31 images created at 20 cm are discussed.
In §2 we describe the observational data and reduction techniques. In §3 we present our new maps and a brief discussion. Source catalogues are given in §4 and §5 is the conclusion.
DATA
A collection of existing, archived radiocontinuum observations at λ=20 cm with pointings centred on M 31 were obtained from the National Radio Astronomy Observatory (NRAO) 1 online data retrieval system. In total, 15 VLA projects with a variety of array configurations were selected for use in this study, as summarised in Table 1 . These projects were observed between the 1 st of October 1983 and 27 th of September 1997 and are comprised of 28 individual observational runs.
Image Creation
The miriad (Sault et al. 1995) and karma (Gooch 1996) software packages were used for data reduction and analysis. Because of the large volume of data, the miriad package was compiled to run on a 16-processor high-performance computer system. Initially, observations were imported into aips using the task fillm, and then all sources were split with split. Using the task uvfix, source coordinates were converted from the B1950 to the J2000 reference frame and the task fittp was used to export each source to a fits file.
The miriad package was then used for actual data reduction. The task atlod was used to convert ATCA observations into miriad files, while the task fits was used to import the previous aips-produced fits files and convert them to miriad files. Typical calibration and flagging procedures were then carried out (Sault et al. 1995) . Using the task invert, each project was imaged individually using a natural weighting scheme. Images with a single pointing were cleaned using the task clean, while each mosaic image was cleaned using the task mossdi. Each of these cleaning tasks uses a SDI clean algorithm to reduce image artefacts (Steer et al. 1984) . To convolve a clean model the task restor was then used on each of the cleaned maps, followed by linmos to correct for the primary beam for single pointing observations. For more information on data analysis and image creation see Galvin et al. (2012) and Payne et al. (2004) .
The catalogue of radio-continuum sources contains positions RA(J2000), Dec(J2000) and integrated flux densities at 13 cm (Table A1) , 20 cm (Table A2 ) and 36 cm (Table A3) . Table 3 contains the r.m.s., number of sources detected, number of sources identified within the field of the 13 cm image and beam size for each image.
RESULTS
By comparing the individual maps produced from a variety of observations, the effects of varying array configurations can be seen, as shown in Figs. 1-18. For example, projects AC0101 and AB0551 show a region of extended emission with poorly resolved point sources across all individual images. This can be attributed to the short baselines of the D type configuration used by the VLA to produce each of these images.
As expected, observations conducted with a C and B type array configuration, such as AM0464 and AT0149 respectively, demonstrate a progressive loss of extended emission and improved point source resolution across their field of view. Observations that used an A type configuration, such as AH0139 and AH0221, show a significant loss of extended emission but better point source resolution. 
New Combined M 31 Mosaics at λ=20 cm
Figs. 19 and 20 are the resulting images when all fully polarised VLA observations are merged together. Both images suffer from artefacts around the outer region of the field of view. This can be attributed to the image stacking process, where observations conducted with the use of a compact array configuration get stretched to meet the resolution of the image as a whole. Fig. 19 shows the resulting radio-continuum image when all fully polarised VLA observations are merged together with a restricted uv coverage of 0-5 kλ. This restriction was introduced in order to preserve the intricate structure of the extended emission while partly resolving point sources across the field. Fig. 20 is the same data-set as Fig.19 with a restricted uv coverage of 0-25 kλ. This restriction was imposed after a trial and error process where we identified the miriad's software limitations. Despite this restriction, point sources are well resolved and there remains a region of extended emission. Fig. 21 shows a mosaic radio-continuum image of VLA projects AB0396 and AB0999 with a restricted uv coverage of 0-35 kλ. Point sources are seen prominently across the field of view with little extended emission. This can be attributed to the larger array configurations, and thus longer baselines, which these observations are constructed of. Fig. 22 is a mosaic radio-continuum image comprised of all calibrated VLA observations from this study with a restricted uv coverage of 0-5 kλ. This restriction was implemented to place greater emphasis on the intrinsic structure of the extended emission throughout the field of view. The majority of observations within VLA projects AB0396 and AB0999 were made with B configuration types. This provided uv coverage data that was noticeably absent in other observations. This has significantly improved the overall clarity of the image when compared to Fig. 19 . One of the most prominent regions in M 31 is the ring feature for which we estimated total integrated flux of 706±35 mJy.
In Fig. 23 , we show the resulting image when all calibrated VLA observations are merged together with a restricted uv coverage of 0-25 kλ. Again, this restricted uv coverage was used to overcome the limit of the miriad software imaging capabilities. Point sources are well resolved and there remains a region of extended emission.
DISCRETE RADIO-CONTINUUM SOURCES IN THE FIELD OF M 31
For each project imaged, a source catalogue was created. Tables 3, 4 , 5, 6, 7, 8, 9, 10 ,11 ,12, 13, 14, 15, 16, 17, 18, 19 and 20 list sources found in each individual project that has been imaged in this study. These catalogues contain a source's RA and DEC positions (J2000) and integrated flux density. All catalogues have been cross referenced and sources common to multiple projects have been noted in Col. 6 of each table.
Across fifteen individual and three merged projects, a total of 864 unique discrete sources are identified. We compared these discrete sources to those listed in Gelfand et al. (2004) at λ=92 cm and found 118 sources in common to both surveys. Table 21 is an extract of this comparison, where Col. 11 is the estimated spectral index (S ν ∝ ν α ) of each source. The complete list and all catalogues can be found in on-line archive (http://cds.u-strasbg.fr/).
The average flux density, as listed in Col. 5 of Table 21 , was calculated by averaging flux density from each project where a discrete source was found. A sources error, as listed in Col. 6, was calculated by finding the largest difference between the average flux density of a source, and the flux density from each project it appeared in. In the case where a source was found in multiple projects, its name, project, RA and DEC, as listed in Cols. 1, 2, 3 and 4, were taken from the highest resolution image.
In Fig 24 we compare the RA and DEC between our 20 cm catalogue and Gelfand et al. (2004) sources as listed in Table 21 . The concentration of points near the centre of graph indicates an accurate model for comparison. We found that the average positional difference in ∆RA and ∆DEC is -0.01 (with a SD of 1.912 ) and +0.18 (with a SD of 1.543 ) respectively. Fig 25 shows the spectral index distribution of sources listed in Table 21 . The majority (61%) of sources exhibit a spectral index of <-0.6 indicating that their emission is predominantly non-thermal in nature. This implies that most of these sources will be background ANGs or Quasars. Some of these background source could qualify as compact steep spectrum sources. Table: 17 #20, Table: 6 #11, Table: 20 #11, Table: 11 #7, Table: 9 #8, Table: 10 #11 3 J004151+411439 00:41:51.14 +41:14:39.4 17.68 Table: 6 #12, Table: 9 #9, Table: Table 21 . Flux density comparison (sample) between sources in common to λ=20 cm and λ=92 cm surveys of the M 31. Columns 1, 2, 3 and 4 describes source information from the highest 20-cm resolution project available. Columns 5 and 6 from sources common across projects and integrated flux density (Col. 5) represent an average flux density across the are derived various project detections. Columns 7, 8, 9 and 10 are from Gelfand et al. (2004) . Column 11 is the spectral index of Col. 5 and 9. 
Conclusions
We present new λ=20 cm (ν=1.4 GHz) images of M 31 constructed from archived VLA radiocontinuum observations. These new images consisting of 17 individual VLA projects which are of highsensitivity and resolution. Images presented here are sensitive to rms=60 µJy and feature a high angular resolution (<10 ). Also, we present a complete sample of 864 unique discrete radio sources across the field of M 31. The most prominent region in M 31 is "the ring feature" for which we estimate a total integrated flux density of 706 mJy at λ=20 cm. From our 20-cm catalogue, we find 118 discrete sources that are in common to those listed in Gelfand et al. (2004) at λ=92 cm. The majority (61%) of these sources exhibit a spectral index of α<-0.6 indicating predominant non-thermal emission which is more typical of background objects.
